Migraine is a common primary headache disorder, which predominantly impacts women. Recently, migraine has been hypothesized to be associated with hormonally related cancers; however, the potential association between migraine and ovarian cancer has not been studied. Therefore, we evaluated the association between migraine and invasive epithelial ovarian cancer risk in two prospective cohorts, the Nurses' Health Study II (NHSII) and the Women's Health Study (WHS). Our prospective analysis included 113,124 NHSII participants aged 25-42 at study baseline as well as 33,490 participants in the WHS who were 45 years or older at study entry. We used Cox proportional hazards models to estimate the hazard ratios (HR) and 95% confidence intervals (CIs) for the association between migraine and ovarian cancer risk in each cohort. In secondary analyses, we stratified by age and menopausal status. After adjusting for potential covariates, there was no statistically significant association between migraine and ovarian cancer risk in either the NHSII (HR 5 1.29, 95%CI: 0.96, 1.74) or the WHS (HR 5 0.60, 95%CI: 0.34, 1.06). In stratified analysis in the NHSII, there was a statistically significant positive association between migraine and ovarian cancer risk among women <45 years of age (HR 5 1.76, 95%CI: 1.01, 3.07). We did not observe a clear association between migraine and ovarian cancer risk in two large prospective cohort studies.
Introduction
Migraine is a common primary headache disorder that affects approximately one-fifth of women in the USA. With three times the prevalence in women compared to men, 1 migraine has been hypothesized to be related to circulating sex hormones, such as estrogen. 2 This is supported by observations that fluctuating estrogen levels may act as a trigger for migraine episodes, though studies of circulating hormones by migraine status have been mixed. [3] [4] [5] [6] [7] [8] Due to the hypothesized role of estrogen in the pathogenesis of migraine, a number of studies have assessed the potential associations between migraine and hormonally related cancers. [8] [9] [10] [11] [12] [13] For example, early case-control studies observed that female migraineurs had a substantially lower risk of breast cancer; [10] [11] [12] however, later cohort studies did not support a strong inverse association. 8, 13 A recent crosssectional study of over 40,000 Japanese nurses suggested a positive correlation between the prevalence of migraine and ovarian cancer.
14 However, to our knowledge, there have been no prospective evaluations of the potential association between migraine and ovarian cancer. Therefore, we aimed to examine the association between migraine and incident ovarian cancer in two large prospective cohort studies.
Methods
Nurses' Health Study II Study population. The Nurses' Health Study II (NHS II) is an ongoing cohort study established in 1989 when 116,429 U.S. nurses ages 25-42 years completed a baseline questionnaire. Every two years, information on reproductive variables, lifestyle factors and disease outcomes was collected via questionnaires. Follow-up rates at each questionnaire cycle consistently have been 85-90%.
Migraine assessment. On the 1989 baseline questionnaire, participants were asked if they had physician-diagnosed migraine. This question was also included on the 1993 and 1995 follow-up questionnaires. Once a woman reported that she was a migraineur, she was considered a migraineur for all subsequent follow-up cycles.
Ovarian cancer assessment. In the NHSII, women indicated that they had been diagnosed with incident ovarian cancer on the biennial questionnaires. For each participant who reported a new ovarian cancer diagnosis, or diagnoses identified through death certificates, we requested medical records and pathology reports from the participant or next of kin. A gynaecologic pathologist, blinded to migraine status, reviewed the records to confirm the diagnosis and abstract information on the tumor, including invasiveness and histologic subtype. For a subset of 215 ovarian cancer cases, we compared the histologic type abstracted from the pathology report with a standardized review of pathology slides completed by a gynaecologic pathologist. As the concordance was 98% for invasiveness and 83% for histology, we used histologic type from the medical record for all cases.
Women's Health Study
Study population. The Women's Health Study (WHS) was a randomized, placebo-controlled trial of the effects of low dose aspirin and vitamin E on the primary prevention of cardiovascular disease and cancer among 39,876 U.S. female health professionals aged 45 and older. Since the end of the trial in March 2004, participants have been followed on an observational basis. Twice during the first year and yearly thereafter, women completed a questionnaire asking about demographics, lifestyle information and disease outcomes.
Migraine assessment. At baseline, the women were asked, "Have you ever had migraine headaches?" Women who answered yes were classified as migraineurs. Previous validation studies in the WHS have demonstrated good agreement between self-reported migraine and the International Classification of Headache Disorders II. 15 Ovarian cancer assessment. Women reported diagnoses of ovarian cancer on follow-up questionnaires. For all selfreported cases or cases identified through death certificates, we requested medical records and pathology reports from the participant or next-of-kin. An endpoints committee of physicians, blinded to migraine status, reviewed the records to confirm the diagnosis and abstract information on the tumor, including invasiveness and histologic subtype.
Statistical analysis
Participants accrued person-time from the return date of the baseline questionnaire until the date of ovarian cancer diagnosis, diagnosis of any other cancer (except non-melanoma skin cancer), bilateral oophorectomy, pelvic irradiation, death or the end of follow-up (2013 in NHSII and 2014 in WHS). To ensure we do not exclude women who were diagnosed with ovarian cancer as a result of their bilateral oophorectomy, we use bilateral oophorectomy data from the questionnaire cycle prior to the 2-year follow-up cycle when censoring. In NHSII, at baseline, we excluded women with cancer other than non-melanoma skin cancer (N 5 1,050), bilateral oophorectomy (N 5 2,225) or menopause due to pelvic irradiation (N 5 30). In WHS, at baseline, we excluded women missing information on migraine status (N 5 119), women with a history of cancer other than non-melanoma skin cancer (N 5 61), bilateral oophorectomy (N 5 6,196) or menopause due to pelvic irradiation (N 5 10).
To control as finely as possible for confounding by age, calendar time and any possible two-way interactions between these two time scales, we stratified the analyses jointly by age in months at start of follow-up and calendar year of the current questionnaire cycle. The time scale for the analysis was then measured as months since the start of the current questionnaire cycle, which is equivalent to age in months. Cox regression with time-dependent covariates stratified by age and time period was used to estimate hazard ratios (HR) and 95% confidence intervals (CIs). In the multivariable model, we adjusted for body mass index (BMI), tubal ligation, hysterectomy, unilateral oophorectomy, parity oral contraceptive use, family history of breast or ovarian cancer, smoking status, alcohol use, NSAID use, menopausal status and type of postmenopausal hormone therapy (HT) use (estrogen only, estrogen and progesterone and other HT). We used interaction terms and stratified analyses to assess effect modification by age (<45, 45 to <55, 551) and menopausal status (premenopausal, postmenopausal, unknown).
We used Cox proportional hazards competing risk analysis, stratified by time period to allow for different associations by tumor histology (serous/poorly differentiated versus non-
What's new?
Migraine is more common in women than men, giving rise to the idea that hormones, particularly changing estrogen levels, trigger the condition. Recent studies further suggest that migraine may be associated with hormonally related cancers. Here, in two prospective cohorts, the Nurses' Health Study II (NHSII), involving women ages 25-42 at baseline, and the Women's Health Study, with women 45 years or older, migraine was assessed for associations specifically with ovarian cancer. Overall, no statistically significant relationship was detected. Stratified analyses in the NHSII cohort revealed a positive association between migraine and ovarian cancer risk in women under age 45. serous [endometrioid, mucinous, clear cell]). 16 The estimates for age, parity, tubal ligation, hysterectomy and estrogen only HT use were allowed to vary by tumor histology based on prior analyses, whereas estimates for the remaining covariates were constrained to a single effect estimate across subtypes. 17 To test for heterogeneity by tumor subtype within cohort, we compared a model allowing the association for migraine to vary by subtype to a model that constrained the migraine estimates to be the same across subtypes. We considered a two-sided p-values of <0.05 to be statistically significant and used SAS version 9.4 (SAS Institute, Cary, NC) for all analyses. This investigation was approved by the Institutional Review Board at the Brigham and Women's Hospital.
Results

Nurses' Health Study II
At baseline, 15% of NHSII women reported history of physician-diagnosed migraine (Table 1) . These women were more likely to be current NSAID users as well as more likely to have undergone a tubal ligation or hysterectomy. In the ageadjusted model, there was a borderline statistically significant positive association between migraine and ovarian cancer risk; women with migraine were 34% more likely to develop ovarian cancer than women without migraine (95%CI: 1.00-1.80) ( Table  2 ). This association was somewhat attenuated in the multivariable adjusted model (RR 5 1.29, 95%CI: 0.96-1.74). While the association was somewhat stronger for serous/poorly differentiated tumors (RR 5 1.52, 95%CI: 0.99-2.32) compared to nonserous tumors (RR 5 1.24, 95%CI: 0.76-2.02), this difference was not statistically significant (p-for-heterogeneity 5 0.54). In age-stratified analyses, there was a statistically significant positive association among women <45 years of age (RR 5 1.76, 95%CI: 1.01-3.07) whereas the association was weaker and not statistically significant for older women (RR ages 45-55 5 1.18, 95%: 0.77-1.80 and RR ages 551 5 1.14, 95%: 0.59-2.07; p-forheterogeneity 5 0.60) ( Table 3 ). In analyses stratified by menopausal status, the association was strongest for premenopausal women (RR 5 1.46, 95%CI: 0.95-2.22), however this association was not statistically significant (Table 3) . Furthermore, the associations were weaker and not statistically significant for postmenopausal women (RR 5 1.25, 95%CI: 0.74-2.10) as well as for women with unknown menopausal status (RR 5 0.77, 0.34, 1.73) (p-heterogeneity 5 0.64).
Women's Health Study
At baseline, 18% of WHS women reported a history of migraine. Women in WHS who reported migraine were more likely to be current NSAID users and to have undergone a tubal ligation or hysterectomy. Compared to the NHSII women, the WHS women were older and more likely to be postmenopausal. In the age-adjusted model, women in the WHS who had ever experienced migraine were less likely to develop ovarian cancer than women who did not experience migraine (RR 5 0.58; 95%CI: 0.34, 1.00), with borderline statistical significance (Table 2) . A similar association, though not statistically significant, was seen after adjustment for additional covariates (RR 5 0.60; 95%CI: 0.34, 1.06). We observed nonstatistically significant lower risk of both serous/poorly differentiated tumors (RR 5 0.60; 95%CI: 0.30, 1.16) and non-serous tumors (RR 5 0.56; 95%CI: 0.14, 2.14). We observed similar associations among women 45-55 years old (RR 5 0.51; 95%CI: 0.16, 1.64) as we did among women over 55 years of age (RR 5 0.62; 95%CI: 0.32, 1.23, p-heterogeneity 5 0.56) ( Table 3 ). For our analyses stratified by menopausal status, we were unable to run separate analyses among women who were premenopausal or had unknown menopausal status due to the low number of events in these subgroups. Among postmenopausal women, those with migraine had a non-statistically significant lower risk of ovarian cancer compared to those without migraine (RR 5 0.55; 95%CI: 0.28, 1.07) ( Table 3) .
Discussion
Overall, we did not observe a statistically significant association between migraine and ovarian cancer risk in either of two large prospective cohorts. In the NHSII, migrainers had a borderline statistically significant elevated risk of ovarian cancer. In contrast, there was a borderline statistically significant inverse association between migraine status and ovarian cancer risk in WHS. In neither cohort did these associations differ statistically significantly by histology. In the NHSII, the positive association between migraine and ovarian cancer risk was statistically significant and strongest in women <45 years of age.
Prior studies have suggested that migraine may be hormonally driven given the observed sex-differences in migraine prevalence and changes in migraine frequency with changes in the menstrual cycle.
1,2 However, results from our study and prior prospective cohort studies on migraine and breast cancer risk do not support a strong link between migraine and hormonally related cancers. 8, 13 However, we were unable to classify whether migraines reported by the women in these cohorts were hormonally sensitive; these types of migraines may be more relevant for hormonally related chronic diseases. One potential limitation to these analyses may be the difference in age and menopausal status between the two included cohorts. NHSII is composed primarily of young, premenopausal women while the WHS is composed primarily of older, postmenopausal women. It is of interest that many ovarian cancer risk factors occur primarily in premenopause, however, we were underpowered to detect an association between migraine and ovarian cancer in this particular subgroup. 18 While some women may have had resolution of migraine symptoms later in follow-up, we were unable to further classify migraineurs by whether or not their symptoms resolved. Strengths of both of the cohorts included in this analysis include the large sample sizes, prospectively collected data on migraine as well as prospectively collected data on potential confounders, and medical record confirmation of incident ovarian cancer cases. The following limitations should also be considered when interpreting these results. Information on migraine, as well as covariate data, was self-reported. However, as all information was collected prior to diagnosis of ovarian cancer, any misclassification should be non-differential. Assessment of migraine differed slightly between the cohorts. However, the prevalence of migraine in the study populations is consistent between the two cohorts and with other population-based studies. [19] [20] [21] [22] Lastly, the NHSII and WHS are predominantly White, potentially limiting generalizability. In summary, we did not observe a clear association between migraine and ovarian cancer risk in two large prospective cohort studies.
